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MONO- ALLELIC MUTATION ANALYSIS FOR IDENTIFYING 
GERMLINE MUTATIONS 

This invention was supported with U.S. government funds, NIH grants 
CA35494 and CA62924. The government therefore retains certain rights in the 
invention. 

BACKGROUND OF THE INVENTION 

Dissection of germiine mutations in a sensitive and specific manner presents 
a continuing challenge. In dominantly inherited diseases, mutations occur in only 
one allele and are often masked by the normal allele. For example, it is estimated 
that 20-40% of both APC and KMSH2 mutations are difficult or impossible to 
detect with standard techniques based on PCR analysis of genomic DNA or RNA 
transcripts 6 " 10 . Thus there is a need in the art for a technique which is relatively 
simple to perform and which will detect a broad spectrum of mutations in genes 
of clinical interest. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a method for detecting mutations 
in the germiine. 

It is another object of the invention to provide a method for detecting 
mutations which are not detected by standard methods. 

It is yet another object of the invention to provide a method for detecting 
mutations which lead to diminished or loss of expression of a gene product. 

These and other objects of the invention are provided by one or more of 
the embodiments described below. In one embodiment a method of detecting 
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mutations in a gene of interest on a chromosome of a human is provided. The 
method comprises the steps of: 

obtaining cells of the human; 

fusing said cells to rodent cell recipients to form a human- 
rodent cell hybrid; 

testing said human-rodent cell hybrid to confirm the presence 
of said chromosome of the human in said hybrid; 

testing said hybrid which contains said chromosome to detect 
a protein product of said gene, absence of said protein product or diminished 
amounts of said protein product indicating the presence of a mutation in the gene 
of interest of the human. 

The present invention thus provides the art with a useful diagnostic tool in 
the evaluation of inherited diseases. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic of the procedure for somatic cell hybrid generation. 

Figure 2 provides documentation of allele isolation in hybrids. 
Chromosome 2 hybrids were evaluated with the MSH2-distal marker YH5 {fig. 2a) 
and the MSH2-proximal marker CA7 (fig. 2b). DNA templates were from Urd-A 
hamster cells (lane 1), PBL from the normal donor (lane 2), hybrids containing 
one chromosome 2 allele (lanes 3-5), and hybrids containing the other (lanes 6-8). 
Chromosome 5 hybrids were evaluated with the APC-proximal marker LSCA (fig. 
2c) and the APC-distal marker D5S82 (fig. 2d). DNA templates were from 
UCW56 hamster cells (lane 9), PBL from the normal donor (lane 10), hybrids 
containing one chromosome 5 allele (lanes 11-13), and hybrids containing the other 
allele (lanes 14-16). The PBL were homozygous for D5S82 (fig. 2d), but 
heterozygous for LSCA (fig. 2c). Note that to document retention of the relevant 
locus and alleles in the hybrids, only one of the two tested polymorphic markers 
need to be heterozygous in the patient. 

Figure 3 provides an analysis of chromosome 5 hybrids from FAP patients. 
Western blots were performed with the carboxyl-terminal specific IE-1 antibody 
(fig. 3a and fig. 3b), or amino-terminal specific FE-9 antibody (fig. 3c and fig. 
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3d). Proteins from the following cell lines were evaluated: UCW56 hamster cells 
Ganes 1,8), SW480, containing only a truncated APC protein (lanes 2 and 9), 
HCT116, containing only full length APC (lanes 3 and 10), hybrids containing 
allele 1 from patient PI (lanes 4 and 5), hybrids containing allele 2 for patient PI 
(lanes 6 and 7), hybrids containing allele 1 from patient P2 (lanes 11 and 12), and 
hybrids containing allele 2 from patient P2 (lanes 13 and 14). The FE-9, but not 
the IE-1 antibody recognizes the hamster APC protein. The arrows and 
arrowheads indicate truncated and full length APC proteins, respectively. 

Figure 4 shows an analysis of chromosome 2 hybrids from an HNPCC 
patient. Kg. 4a, Western blot of WMSH2. Lanes 1, 2, and 3 contain proteins 
from Urd-A, LoVo, and HCT116, respectively (see Kg. 3 legend). Lanes 4 and 
5 contain proteins from hybrids containing the allele that is not linked to the 
disease in the patient's family, while lanes 6 and 7 show hybrids that contain the 
linked allele. The arrow indicates the full length hMSH2, and the arrowhead a 
non-specific band. Fig. 4b and fig. 4c, PCR analysis of hMSH2 exons 1 and 16, 
respectively. The source of the DNA was hamster Urd-A cells (lane 1), parental 
lymphocytes (lane 2), hybrids containing the unlinked allele (lanes 3 and 4), and 
hybrids containing the linked allele (lanes 5 and 6). The arrows indicate the 260 
and 160 bp PCR products of exon 1 and exon 16, respectively, 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

It is a discovery of the present invention that human/rodent somatic cell 
hybrids can be reproducibly made using human cells which are routinely available 
in the clinical setting. Moreover, hybrids which contain just one of a particular 
human chromosome can be readily isolated. Analysis of the hybrids allows the 
observation of the product of a single human allele, without interference from the 
second allele's product which is present in human diploid cells. In addition, 
analysis of the hybrids allows identification of a haplotype which can be traced 
throughout the family of the individual to identify affected family members. 

Genes of interest are typically those which have been found to be involved . 
in inherited diseases. These include genes involved in colon cancer, breast cancer, 
Li-Fraumeni disease, cystic fibrosis, neurofibromatosis type 2, von Hippel-Lindau 
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disease, as well as others. The identified genes include APC, merlin, CF t VHL, 
hMSH2 y p53, HPMS2, hMLHl, BRAC1, as well as others. Mutations which can 
be identified include those in sequences that regulate transcription or translation, 
nonsense mutations, splice site alterations, translocations, deletions, and insertions, 
or any other changes that result in substantial reduction of the full-length protein. 
This method will likely not detect mutations that cause subtle alterations of a full- 
length (or nearly full-length) protein. However, these should be detectable by 
other methods, such as sequencing of RT-PCR products. 

Cells of the human which may be used in fusions are any which can be 
readily fused to rodent cells. Peripheral blood lymphocytes (PBL) which are 
readily available clinical specimens, proved to be surprisingly good fusion 
partners, with or without prior mitogenetic stimulation, whether used fresh or 
stored for over one year at -80° C. Since inherited mutations are the subject of 
the present method, any cells of the human body can be used, since all such cells 
contain essentially the same genetic complement. 

Rodent cell recipients for fusion preferably provide selection for specific 
human chromosomes. Thus, for example, rodent cells which are auxotrophic or 
biosynthetic mutants can be used. It is desirable that the human chromosome 
which carries the gene of interest also carry a gene which can complement the 
defect in the rodent cell. Thus growth under selective conditions will only yield 
hybrid cells which carry at least one of the human chromosomes which carry the 
gene of interest. 

Fusion of cells according to the present invention can be accomplished 
according to any means known in the art. Known techniques for inducing fusion 
include polyethylene glycol-mediated fusion, Sendai virus-mediated fusion, and 
electrophoretic fusion. Cells can desirably be mixed at a ratio of between 10:1 
and 1:10 human to rodent. Clones of fused cells generally become visible after 
about two to three weeks of growth. 

Fused hybrid cells can be analyzed to determine that they do in fact carry 
a human chromosome which carries the gene of interest. Hybrid cells which have 
either of the two relevant human chromosomes can be distinguished from each 
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other as well as from hybrids which contain both of the two human chromosomes. 
While any means known in the art for identifying the human chromosomes can be 
used, a facile analysis can be performed by assessing microsatellite markers 
proximal and distal to the gene of interest on the human chromosome. Such 
markers which are proximal and distal to the gene, are called herein "flanking 
markers". Such markers need not be immediately adjacent to the gene of interest. 
Other linked polymorphic markers can be used to identify the desired human 
chromosome in the hybrids. 

Having achieved hybrid cells which contain one copy of the human gene 
of interest from the human who is being tested, mutation analysis can be 
performed on the hybrid cells. Mutations that result in reduced expression of the 
full-length gene product should be detectable by Western blotting using appropriate 
antibodies. Tests which rely on the function of the protein encoded by the gene 
of interest and enzyme assays can also be performed to detect mutations. Other 
immunological techniques can also be employed, as are known in the art. 

If an immunological method is used to detect the protein product of the 
gene of interest in the hybrids, it is desirable that antibodies be used that do not 
cross-react with rodent proteins. Alternatively, the rodent genes which are 
homologous to the gene of interest can be inactivated by mutation to simplify the 
analysis of protein products. Such mutations can be achieved by targeted 
mutagenesis methods, as is well known in the art. 

Functional tests can also be used to assess the normalcy of each allelic 
product. For example, if one inserted an expression construct comprising a j8- 
galactosidase gene downstream from a p53 transcriptional activation site, into a 
rodent-human hybrid cell that contained human chromosome 17 but no endogenous 
p53, then one could detect mutations of the p53 on the human chromosome 17 by 
staining clones with X-gal. Other enzymatic or functional assays can be designed 
specifically tailored to the gene of interest. 

It is a possibility that expression of the gene of interest might be inhibited 
in the hybrid cell environment. In order for the loss of expression of a gene of 
interest in the hybrid cells to be meaningfully interpreted as indicating a mutation 
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in the human, one must confirm that the gene of interest, when wild-type, is 
expressed in rodent-human hybrid cells. This confirmation need not be done for 
each patient, but can be done once when the assay is being established. 

When the assay of the present invention indicates that a mutation exists in 
the gene of interest, other family members can be tested to ascertain whether they 
too carry the mutation. Alternatively, the other family members can be tested to 
see if they carry the same chromosome as the affected family member. This can 
be determined by testing for a haplotype, i.e., a set of distinctive markers which 
are found on the chromosome carrying the mutation in the affected family 
member. Determination of a haplotype is a by-product of performing the assay 
of the invention on the first family member. When the hybrid cells are tested to 
confirm the presence of the relevant chromosome in the hybrid, for example by 
use of microsatellite markers, a distinctive marker set will be identified, which can 
then be used as a haplotype. 

We report below the development of a sensitive and specific diagnostic 
strategy based on somatic cell hybridization termed MAMA (Mono-Allelic 
Mutation Analysis). We demonstrate the utility of this strategy in two different 
hereditary colorectal cancer syndromes 1 , one caused by a defective tumor 
suppressor gene (APC in familial adenomatous polyposis, FAP) and the other 
caused by a defective mismatch repair gene (hMSH2 in hereditary non-polyposis 
colorectal cancer, HNPCC). 

MAMA might considerably facilitate diagnosis of genetic disease. We 
estimate that 20-40% of both APC and hMSH2 mutations are difficult or 
impossible to detect with standard techniques based on PCR analysis of genomic 
DNA or RNA transcripts 6-10 . The analysis of the patient with HNPCC (Fig. 4) 
illustrates the potential advantages of MAMA in this regard, either alone or as an 
adjunct to PCR-based analyses. 

MAMA has certain disadvantages as well. It requires approximately four 
to six weeks to complete the analysis. Genetic diagnostic tests are generally not 
emergency procedures, however, and sensitivity and specificity are far more 
important than immediacy in most circumstances. Though time consuming, 
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MAMA is not labor intensive. Many alterations can be simply detected by a 
reduction of full length proteins upon Western blotting with appropriate antibodies. 
The only other mutations possible are those that cause subtle alterations of a full 
length (or nearly full length) protein. These should be detectable by automated 
sequencing of RT-PCR products derived from the monoallelic hybrids. 

For the facile analysis of other hereditary diseases with MAMA, several 
practical criteria should be met. Rodent cell recipients should be available. 
Monoclonal antibodies that do not cross-react with hamster proteins simplify the 
analysis considerably. Not all gene products will be expressed in lymphocytes or 
in their derived somatic cell hybrids. Additionally, some mutations (e.g., tissue 
specific expression defect) may be difficult to detect with MAMA. The 
applicability of MAMA to any particular disease can only be confirmed by actual 
testing. Hamster fusion partners suitable for the analysis of other mismatch repair 
genes (on chromosomes 3 and 7) and other cancer predisposition syndromes (Li- 
Fraumeni, Neurofibromatosis, and hereditary breast cancer, all on chromosome 
17) have been described 11 " 13 and should make extensions of MAMA to other 
diseases possible. 

Finally, variations on MAMA are easy to envision. In particular, a 
functional test, rather than a sequence-based test, could be used to assess the 
normalcy of each allelic product 14 . In some cases, homologous recombination 
could be used to remove the endogenous hamster gene and thereby facilitate such 
functional analyses. As an example, consider p53 in the Li-Fraumeni syndrome. 
In a hamster cell hybrid with no endogenous p53, a /3-galactosidase gene placed 
downstream of a p53 transcriptional activation site 14,15 could be used to detect 
mutations simply by staining clones with X-gal. 

Examples 
Example 1 

This example demonstrates the development of a simple scheme for 
producing somatic cell hybrids from routinely available clinical samples such as 
peripheral blood lymphocytes (PBL). 
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Cells. The Urd-A cell line 16 was grown in F-12 supplemented with 10%(v/v) 
dialyzed fetal calf serum and 30 mM uridine at 37°C. The UCW56 cell line 17 was 
grown in Dulbeco's Modified Eagles medium (DMEM) supplemented with 
10%(v/v) fetal calf serum (FCS) at 32°C. Lymphoblastoid lines were grown in 
RPMI 1640 supplemented with 10%(v/v) FCS. Peripheral blood lymphocytes 
(PBL) were isolated with Histopaque 1077 (Sigma) according to the manufacturer's 
protocol. The cells were used immediately for fusions, or resuspended in RPMI 
1640/10%FCS, with or without 10 mg/ml PHA and 50 U/ml IL2, and incubated 
at 37°C overnight. Alternatively, Histopaque isolated PBL were frozen at -80° C 
in RPMI 1640/10% FCS containing 10% DMSO. 

Isolation of somatic cell hybrids. The following protocol was derived after 
testing numerous parameters, including the number and concentration of each cell 
type, pre-stimulation of PBL with mitogens (which had no effect), and the 
distribution of cells following fusion. In addition to freshly isolated PBL, it was 
found that PBL frozen at -80°C as described above could also be productively 
fused immediately upon thawing at 37°C. Human cells (18 X 10 6 ) and hamster 
cells (6 X 10 6 ) were mixed, aliquoted into two 15 ml conical tubes, and collected 
by centrifugation at room temperature (RT) at 200 g. The cell pellets were each 
resuspended in 10 ml DMEM without serum, and the cells were collected once 
more by centrifugation. The media was aspirated carefully until the pellets were 
almost dry. The cell pellets were loosened by tapping the tube and 1 ml of 50% 
PEG in phosphate buffered saline (Sigma) was added to each tube slowly. The 
cells were allowed to fuse for 1 minute at RT, and fusion terminated by the 
addition of 10 ml DMEM. The cells from each tube were collected by 
centrifugation, resuspended in 96 ml of the appropriate medium, and distributed 
into two 48 well plates (Costar). Selection started two days later. Selection 
against unfiised human lymphocytes was based on the fact that these cells do not 
attach to plastic. Unfused hamster cells were selected against by growth in Ham's 
F12/10% FCS at 37°C for chromosome 2 hybrids and in DMEM/10% FCS at 
39 °C for chromosome 5 hybrids. The Urd-A cell line has a defect in de novo 
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pyrimidine synthesis 16 , and will not grow in medium without uridine in the absence 
of a chromosome 2 gene contributed by the human fusion partner. Similarly, the 
UCW56 hamster cells have a temperature sensitive mutation required for protein 
synthesis 17 , and will not proliferate at 39 °C in the absence of chromosome 5 genes 
contributed by the human fusion partner. The medium was replenished every three 
days. Two to three weeks later, wells containing visible clones were harvested by 
trypsinization. One tenth was used for DNA (see below), and the remainder split 
into three wells each in separate 48 well plate, one devoted to DNA analysis, one 
to protein analysis, and one for creating frozen stocks. 

Results. Numerous parameters were evaluated in an effort to optimize 
lymphoblastoid-hamster fusions, first with EBV-transformed lymphoblastoid cells 
(as a reproducible control), then with PBL. A diagram of the optimized procedure 
is depicted in Fig. I. PBL and hamster cells were mixed at an appropriate ratio, 
exposed to PEG, and then distributed into 48 well plates under conditions which 
selected for fused cells. Clones became visible in two to three weeks, at which 
time they were harvested, a portion analyzed for allele content, and the rest 
divided into three wells each in a separate 48 well plate. Approximately two 
weeks later, the wells were harvested, one used for protein analysis, the second 
for nucleic acid analysis, and the third for generation of a frozen stock. Typically, 
fusion of 18 X 10 6 PBL with 6 X 10 6 hamster cells generated an average of 16 
hybrids (range 8-30). 

Example 2 

This example demonstrates that single alleles were isolated in the somatic 
cell hybrid clones. 

DNA analysis. Confluent cells in 48 well plates were washed with Hank's 
balanced salt solution, and 100 ml of proteinase K (100 mg/mi) in TE 10 (10 mM 
Tris [pH 8.0], 1 mM EDTA) were added to each well. The plates were incubated 
for 2 hr at 58°C. The liquid was transferred to 1.5 ml tubes and boiled for 5 
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minutes. Cells growing in suspension were collected by centrifugation, and DNA 
was prepared similarly, except that the 58°C incubation was performed in 1.5 ml 
tubes. Two ml of each DNA sample were used for each PCR reaction. The 
microsatellite markers used for chromosome 2 were YH5 and CA7 4 - 18 , and for 
chromosome 5 were D5S82 19 and LSCA 20 . The PCR reactions were carried out 
in 96 well plates with end-labelled primers in 10 ml reactions in PCR Master Mix 
(Boehringer Mannheim), by heating to 95°C for 30 seconds, 50°C for 1 minute, 
70°C for 1 minute for 32 cycles, then 70°C for 5 minutes for 1 cycle. The PCR 
products were separated on 6% denaturing polyacrylamide gels and visualized by 
autoradiography. Amplification of exons 1, 2,3, 12, and 16 of hMSH2 was 
performed as described previously 21 . 

Results. Microsatellite markers 3 * 4 proximal and distal to the gene of interest were 
assessed. Of 83 chromosome 5-derived hybrids generated with lymphocytes from 
a normal individual, 32 contained one allele, 33 contained the other allele, and 18 
contained both alleles. Of 20 chromosome 2-derived hybrids analyzed, 9 
contained one allele, 7 contained the second allele, and 4 contained both alleles. 
The hybrids containing two alleles could be passaged for two more weeks if 
desired, by which time they generally lost one allele (3 of 3 hybrids tested). 
Examples of microsatellite assays are shown in Fig. 2. Every tested hybrid 
contained both the proximal and distal microsatellite markers, indicating that the 
entire gene of interest was present in each hybrid. 

Example 3 

This example demonstrates that mutations that result in greatly reduced 
expression of the full length gene product are detectable by Western blotting of 
hybrid proteins using appropriate antibodies. 

Western blot analysis. Cells were resuspended in buffer composed of 0.0625 M 
Tris (pH 6.8), 5% beta-mercaptoethanol, 2% SDS, 10% glycerol, /0.025% 
bromophenol blue, and quantitated according to previously published methods 22 . 
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Western blot analysis for APC was carried out according to ref. 23. Briefly, 
proteins were separated by electrophoresis in 3% low melting point agarose gels 
and transferred to polyvinyldifluoride membranes (Immobilon; Millipore) by 
capillary action in TBS (100 mM Tris, 150 mM NaCl) containing 0.05%SDS. 
These membranes were treated as described below. For hMSH2, proteins were 
separated on 10% polyacrylamide/SDS gels, and transferred to polyvinyldifluoride 
membranes for 1 hr in 40 mM glycine, 48 mM Tris, 0.0375% SDS buffer using 
a semi-dry electroblotter (ISS). The membranes were rinsed in TBS and blocked 
in TBS containing 10% nonfat dried milk and 0. 1 % Tween-20, for 1.5 hr. After 
incubation with the primary antibody at 1 mg/ml in TBS containing 5% nonfat 
dried milk and 0.1% Tween-20 for 2 hr, the filters were washed multiple times 
with TBS containing 0.1% Tween-20 (TBST) for 30 minutes. Horseradish 
peroxidase-conjugated goat anti-mouse antibody was then applied to the membranes 
for 1 hr in TBST. The membranes were then washed 6 times with TBST for total 
of 1 hr. Peroxidase activity was detected using Amersham's ECL following the 
manufacturer's protocol. Methods used for production of anti-APC and anti- 
hMSH2 antibodies are described in ref. 23 and 24. 

Results. We evaluated two FAP patients with previously identified mutations of 
APC. In each case, six hybrids from each patient were selected for analysis, three 
with the maternal allele and three with the paternal. Western blot analysis was 
performed with monoclonal antibody IE-1, which recognizes the C-terminus of 
human APC but does not recognize hamster APC. This antibody demonstrated 
that both patients had abnormalities of APC confined to one allele. No full length 
APC protein was found in hybrids containing allele 1 of either patients PI or P2, 
while full length APC proteins were expressed in the other hybrids (examples in 
Fig. 3a, b). 

These results document an abnormality that would be adequate for most 
diagnostic purposes. Other members of the family could be analyzed by the same 
techniques or assessed for the presence of the affected haplotype, revealed as a by- 
product of the hybrid analysis (Fig. 2). For research purposes, however, it is 



1 



WO 97/08341 ^ PCTYUS96/13477 

often useful to define the precise mechanisms underlying the abnormality. 
Western blots using mAb FE-9, recognizing the ammo-terminus of APC, revealed 
truncated products of 157 and 145 kD in hybrids containing the mutant alleles of 
patients PI (Fig. 3c) and P2 (Fig. 3d), respectively. These truncations were 
consistent with sequence data which demonstrated frameshift mutations at codons 
1309 and 1211 in patients PI and P2, respectively (data not shown). 

Example 4 

This example demonstrates the use of MAMA for analysis of mutations 
which were impossible to detect with standard methods. 

We selected a kindred in which colorectal cancer incidence was tightly 
linked (LOD score > 3.0) to inheritance of markers on chromosome 2pl6 5 . A 
patient from this kindred had been evaluated for mutations of hMSH2 by IVSP 6 ' 7 , 
by RT-PCR and sequence analysis of the entire coding region, and by Western and 
Southern blot analysis, with no evidence of mutation. However, an abnormality 
was unambiguously observed upon MAMA: no hMSH2 polypeptides were found 
in hybrids containing allele 1, the allele linked to the disease in this kindred 
(Fig. 4a). 

To determine the mechanism underlying the abnormality, PCR analysis of 
individual exons was performed with hybrid DNA. Exon 1 could not be amplified 
from hybrids containing allele 1 using several primer pairs (Fig. 4b, lanes 5 and 
6), but could be amplified from hybrids containing allele 2 (Fig. 4b, lanes 3 and 
4). Exons 2, 3, 12, and 16 could be amplified from all hybrids (examples in Fig. 
4c). Thus, the mutation in this kindred likely resulted from a deletion that 
included the 5' end of the gene. This deletion was not apparent in PCR analysts 
of DNA from the parental PBL, which revealed only the wild type allele (Fig. 4b, 
lane 2). 
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CLAIMS " 16 " 

1. A method of detecting mutations in a gene of interest on a 
chromosome of a human, comprising the steps of: 

obtaining cells of the human; 

fusing said cells to rodent cell recipients to form human- 
rodent cell hybrids; 

testing said human-rodent cell hybrids to confirm the 
presence of said chromosome of the human in said hybrid; 

testing said hybrids which contains said chromosome to 
detect a protein product of said gene, absence of said protein product or 
diminished amounts of said protein product indicating the presence of a mutation 
in the gene of interest of the human. 

2. The method of claim 1 wherein the gene of interest is APC. 

3. The method of claim 1 wherein the gene of interest is HMSH2. 

4. The method of claim 1 wherein the gene of interest is p53> 

5. The method of claim 1 wherein the rodent cell recipients are 
auxotrophic mutants. 

6. The method of claim 1 wherein the rodent cell recipients are 
biosynthetic mutants. 

7. The method of claim 1 wherein the cells of the human are peripheral 
blood lymphocytes. 

8. The method of claim 1 wherein the fusion is performed in the 
presence of polyethylene glycol. 

9. The method of claim 1 wherein the fusion is electrophoretic. 

10. The method of claim 1 wherein the presence of said chromosome 
is tested by identifying the presence of microsatellite markers flanking the gene of 
interest. 

11. The method of claim 1 wherein said step of testing to detect a 
protein product is performed by Western blotting. 

12. The method of claim 1 wherein said step of testing to detect a 
protein product is performed by an enzyme reaction. 
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13. The method of claim 1 wherein said step of testing to detect a 
protein product is performed by assaying for function of the protein product. 

14. The method of claim 11 wherein an antibody which is specifically 
immunoreactive with the protein product of the gene of the human is used in the 
Western blotting, wherein said antibody is not immunoreactive with a homologous 
protein product of the rodent cell. 

15. The method of claim 1 further comprising the step of: 

testing a human-rodent cell hybrid which contains a wild-type 
allele of the gene of interest, to confirm that said allele can be expressed in 
human-rodent celL hybrids. 

16. The method of claim 13 wherein one or more rodent protein product 
homologues of the human protein product of the gene of interest are inactivated 
by mutation. 

17. The method of claim 1 further comprising the step of: 

if a mutation in the gene of interest of the human is indicated, 
determining a haplotype for the chromosome of the human; and 

testing one or more family members for the presence of said 
haplotype, wherein the presence of said haplotype implies the presence of the 
mutation. 

18. The method of claim 17 wherein the haplotype comprises an allele 
of each of at least two microsatellite markers flanking said gene of interest. 

19. A method of detecting mutations in a gene of interest on a 
chromosome of a human, comprising the steps of: 

obtaining peripheral blood lymphocytes of the human; 

fusing said peripheral blood lymphocytes to rodent cell 
recipients to form human-rodent cell hybrids; 

testing said human-rodent cell hybrids to confirm the 
presence of said chromosome of the human in said hybrids, wherein the presence 
of said chromosome is tested by identifying the presence of microsatellite markers 
flanking the gene of interest; 
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testing said hybrids which contains said chromosome to 
detect a protein product of said gene by Western blotting, absence of said protein 
product or diminished amounts of said protein product indicating the presence of 
a mutation in the gene of interest of the human. 
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